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(54) Liquid crystal display device and method for producing the same 



(57) A liquid crystal display device of the present 
invention includes a pair of substrates and a liquid crys- 
tal layer provided between the substrates, wherein liq- 
uid crystal molecules in the liquid crystal layer have a 
negative dielectric anisotropy. and the liquid crystal mol- 
ecules are aligned in a direction substantially vertical to 
the substrates when no voltage is being applied and are 
axis-symmetrically aligned in each of a plurality of pixel 
regions under application of a voltage. 
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Description 

BACKGROUND OF THE INVENTION 

5 1 . FIELD OF THE INVENTION: 

The present invention relates to a liquid crystal display device and a method for producing the same. More specif- 
ically, the present invention relates to a liquid crystal display device having wide viewing angle characteristics and a 
method for producing the same. 

10 

2. DESCRIPTION OF THE RELATED ART: 

In the past, a liquid crystal display device (hereinafter, also referred to as an "LCD") in a twisted nematic (TN) mode 
has been known. The liquid crystal display device in a TN mode has poor viewing angle characteristics (i.e., a narrow 

is viewing angle). As shown in Figure 30A, when TN-LCD 200 is in a gray-scale display, liquid crystal molecules 202 are 
tilted in one direction. As a result, in the case where TN-LCD 200 is observed in viewing angle directions A and B as 
shown in Figure 30A. apparent light transmittance varies depending upon the direction. Accordingly, the display quality 
(e.g.. contrast ratio) of TN-LCD 200 greatly depends upon the viewing angle. 

In order to improve the viewing angle characteristics of a liquid crystal display device by controlling the alignment 

20 state of liquid crystal molecules, it is required to align liquid crystal molecules in at least two directions in each pixel. 
Examples of such liquid crystal display devices includes those in an axially symmetric aligned microcell (ASM) mode in 
which liquid crystal molecules are axis-symmetrically aligned in each pixel. Referring to Figure 30B, for example, when 
a liquid crystal display device 210 in an ASM mode in which a liquid crystal region 214 is surrounded by a polymer 
region 21 2 is in gray scales, liquid crystal molecules are aligned in two different directions. In the case where the liquid 

25 crystal display device 21 0 is observed in viewing angle directions represented by arrows A and B, apparent light trans- 
mittance is averaged. As a result, the light transmittance in the viewing angle directions A and B becomes substantially 
equal, whereby viewing angle characteristics are improved compared with those in a TN mode. 

Examples of liquid crystal display devices in a mode having improved viewing angle characteristics (hereinafter, 
referred to as a "wide viewing angle mode") including an ASM mode will be described below. 

30 

(1) There is a technique for electrically controlling a transparent state or an opaque state by utilizing birefringence 
of a liquid crystal material in a liquid crystal display device which has polymer walls in a liquid crystal cell without 
polarizing plates and which does not require any alignment treatment According to this technique, the ordinary 
index of liquid crystal molecules is matched with the refractive index of a supporting medium. Under the application 
35 of a voltage, the liquid crystal molecules are aligned, whereby a transparent state is displayed. When no voltage is 
being applied, the alignment of the liquid crystal molecules is disturbed, whereby a light scattering state is dis-' 
played: 

For example. Japanese National Phase PCT Laid-open Publication No. 61-502128 discloses a technique for 
mixing liquid crystal with a photocurable or thermosetting resin, curing the resin to phase-separate liquid crystal 
AO from the resin, thereby forming liquid crystal droplets in the resin. Furthermore, Japanese Laid-open Publication 
Nos. 4-338923 and 4-212928 disclose a liquid crystal display device in a wide viewing angle mode obtained by 
combining the device disclosed in Japanese National Phase PCT Laid-open Publication No. 61-502128 with polar- 
izing plates in such a manner that polarization axes are orthogonal to each other. 

45 (2) As a technique for improving viewing angle characteristics of a non-scattering type liquid crystal cell using polar- 
izing plates. Japanese Laid-open Publication No. 5-27242 discloses a technique for producing a composite mate- 
rial containing liquid crystal and a polymer material from a mixture of liquid crystal and a photocurable resin by 
phase separation. According to this technique, the liquid crystal molecules in liquid crystal domains are randomly 
aligned by generated polymers, the liquid crystal molecules rise in different directions in each domain under the 

so application of a voltage. Therefore, the apparent light transmittance observed in each direction becomes substan- 
tially equal (because retardation d - An is averaged, where d is a thickness of a liquid crystal layer and An is bire- 
fringence of a liquid crystal material), so that the viewing angle characteristics in gray scales are improved. 

(3) Recently, in Japanese Laid-open Publication No. 7-120728, the inventors of the present invention have pro- 
55 posed a liquid crystal display device in which liquid crystal molecules are omnidirectionally aligned (e.g., in a spiral 
state) in pixel regions by controlling light using a photomask or the like during photopolymerization. This device 
uses a technique of axis-symmetrically aligning liquid crystal molecules by utilizing phase separation from a mix- 
ture of liquid crystal and a photocurable resin. The liquid crystal molecules are axis-symmetrically aligned when no 
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voltage is being applied, and come closer to homeotropic alignment (alignment vertical to the substrates) under the 
2S » vdtao* whereby the viewing angle characteristics are remarkably improve* This technique is a p- 
S dSay mode using a p-type liquid crystal material (i.e.. a material with a positive dielectric amsotropy As). 

As an example of a method tor producing a device as described above. Japanese Laid-open Publication No. 
8-95012 discloses a method for forming lattice-shaped polymer walls having a thic^ess smaller than the cen th.ck- 
ness in each pixel region, injecting a mixture of liquid crystal and a photocurable ream .nto the cell thus Produced 
and axis-symmetrically aligning liquid crystal molecules by utilizing two-phase regions in which a l.quid crystal 
phase and a uniform phase exist. This production method does not use alignment films. 

(4) Furthermore. Japanese Laid-open Publication No. 6-308496 discloses a liquid crystal display device in a wide 
viewing angle mode including an axis-symmetrical alignment film made of a crystalline polymer wrth a spherulite 
structure on the surface of a substrate. 

(5) Japanese Laid-open Publication No. 6-194655 discloses a technique for coating an alignment film on a sub- 
strate and aligning liquid crystal molecules in a random direction without performing an alignment treatment such 

88 ' There are techniques for dividing pixels into a plurality of regions and aligning liquid crystal molecules in each 
region in such a manner that the viewing angle characteristics in each region compensate for each other. Examples 
of the method will be described below. 

(6) Japanese Laid-open Publication No. 63-105624 discloses a method for dividing each pixel into regions and per- 
forming an alignment treatment such as rubbing so that the rubbing directions in the respective regions become 

d ' He Fta t ures 31 and 32 show a liquid crystal display device obtained by the above method, having wide viewing 
angle characteristics and being capable of obtaining a display with a satisfactory contrast Figure 31 is a schematic 
plan view of the liquid crystal display device, and Figure 32 is a cross-sectional view taken along the E-E line in 

F ' 9U A p!xel electrode (transparent electrode) 520 provided on each pixel, an alignment film 51 0. and a thin film tran- 
sistor 513 driving the pixel electrode 520 are provided on one glass substrate 522 of the liquid crystal display 
device A counter electrode (transparent electrode) 519 and an alignment film 509 are provided on the other glass 
substrate 521 The alignment films 509 and 510 are made of polyimide. A pixel B defined by the opposing frans- 
oarent electrodes 519 and 520 is a square of 200 urn, for example, and a plurality of pixels B are arranged I in a 
matrix A band-shaped spacer 523 made of polyimide is provided in a center portion of the pixel electrodes 520, as 
a result of which each pixel B is divided into regions l and II by the band-shaped spacer 523. 

The regions I and II are formed as schematically shown in Figure 33. The glass substrates 521 and 522 are 
respectively subjected to a rubbing treatment in the arrow directions as shown in Figure 33. In the past, in the case 
of providing the regions I with an alignment regulating force, the substrate 521 is subjected to a rubbing treatment 
with the regions II covered with a resist. Similarly, in the case of providing the regions II with an alignment regulating 
force the substrate 521 is subjected to a rubbing treatment with the regions I covered with a resist. 

According to the above technique, the alignment directions of liquid crystal molecules in the respective regions 
have the same spiral-type twist direction but form different angles with respect to the surface of the substrates. Due 
to the difference in angle with respect to the surface of the substrates, the liquid crystal molecules nse in different 
directions under the application of a voltage. Therefore, in the case where light is incident upon the substrate in a 
direction tilted from a direction normal to the substrate, the optical characteristics of the respective regions com- 
pensate for each other. As a result, the viewing angle dependence under the application of a voltage is cancelled 
in the regions having different orientations in each pixel between the substrates. Thus, optical characteristics with 
less viewing angle dependence are obtained. In particular, even when a viewing angle is vaned in gray scales, 
there will be no phenomenon of gray-scale inversion. 

(7) As a technique for making an alignment direction of an alignment film different. Japanese Laid-open Publication 
Nos 7-199193 and 7-333612 disclose a technique for forming unevenness having a tilt in each pixel, thereby mak- 
ing the direction in which liquid crystal molecules are tilted different depending upon the region in each pixel 
According to this technique, a pretilt angle is varied on a regional basis due to the different tilt directions in each 
pixel thereby making the direction in which the liquid crystal molecules are tilted different Thus, the v.ewingangle 
characteristics of a liquid crystal display device are improved. Japanese Laid-open Publication No 7-199193 also 
discloses a homeotropic liquid crystal display device which uses an n-type (Ae < 0) liquid crystal matenal and a 
homeotropic alignment film, and in which liquid crystal molecules are aligned in a direction vertical to substrates 
when no voltage is being applied and tilted in a direction horizontal to the substrates under the application of a volt- 
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age. 



(8) Furthermore. Japanese Laid^pen publication No. 6-301036 has proposed a liquid crystal display dev.ce having 
Sdev^nTangte characteristics and being capable of obtaining satisfactory display quality. Figure 34is a, p. - 
sTectrv^ showing an external appearance of the liquid crystal display device, and Figure 35 .s a schema c 
cTst sert ^fv^ mereof. The liquS crystal display device includes a liquid crystal layer 612 havmg vertically 
USSS crS Secu.es 612A between a pair of electrode substrates. Pixe. electrodes 61 1 are , prided on 
one subsLe 6?0. and counter electrodes 61 3 are provided on the other substrate (not shown). Each counter elec 
trode 613 has openings 614 corresponding to central portions of each pixel. 

The liquid crystal molecules 612A in a region of a liquid crystal layer corresponding to the opening , 614 l ar ^sta- 
ble being vertically aligned under the application of a drying voltage. The liquid crystal molecules 61 2A on the 
per'iph^ of thfregion corresponding to the opening 614 are also stable in alignment due to the miction with 
rheCid crystal molecules 612Ain the region corresponding totheopening 614. As aresult. the liquid crystal mol- 
ecu es 612I in each pixel are aligned so as to face the centra, portion of the pixel corresponding to the opening 
Thus, if the opening 614 of each pixe. is provided at the identical position (e.g.. a centra portion of each p xe£ 
the liquid crystal molecules are aligned similarly in each pixel. Because of this, even if a d.schnation line is similarly 
generated in each pixel, roughness of a display can be prevented. In Figure 35. the reference numerals 615 and 
616 denote gate bus lines, and 617 and 618 denote homeotropic alignment films. 

Liauid crystal display devices (e.g.. TFT-LCD) have been widely used as flat displays. However, large TFT- 
so LCDsTa^oXo^ 

commercially available. In recent years, as a candidate for realizing a large display device, a plasma address LCD 
fPALCl disclosed in Japanese Laid-open Publication No. 1 -21 7396 has received attention. 
( Figu e 36 s^,ws a cross-sectional structure of a PALC. A PALC 700 includes a liquid crystal layer 702 between 
a oair of substrates 701 and 71 1 . A plurality of plasma chambers 71 3 are disposed between the substrate 71 1 and 
IXm ^ crystaHayer 702. Each plasma chamber 713 is defined by the substrate 711. a d.electnc sheet 716 
oooolinq the substrate 711 and partition walls 712 provided between the substrate 711 and the dielectric sheet 
°?6 Gas e y.Sm neon, etc.) sealed in the plasma chamber 713 is ionized by applying a voltage ^across an 
anode 714 and a cathode 715 formed on the surface of the substrate 711 in the plasma chamber 713. whereby 

30 ^TpluSTp^chambers 713 extend in the shape of stripes in a directi^ 

of Figure 36 in such a manner as to be orthogonal to transparent electrodes 705 prov.ded on the surface the ^sub- 
strate 701 on the liquid crystal layer 702 side. Compared with a simple matrix type l.quid crystal display device, the 
transparent electees 705 correspond to display e.etfrodes (signal electrodes) and ^ 
respond to scanning electrodes. The substrate 71 1. the dielectric sheet 716. the plasma chambers 713. etc. are 

35 collectively called a plasma substrate 71 0. , 

Referring to Figure 37. the basic principle of the PALC 700 will be described. The plasma ^« ™ 
successively turned on. and the gas in the selected plasma chamber 713 is ionized. As shown in Rgure 37. under 
the condition that the plasma chamber 713 is ionized, a charge, in accordance with « *°^» «^"* rom the sig- 
nal lines to the transparent electrodes 705. is accumulated and held on a reverse surface of the dielectric sheet 71 6 
on the plasma chamber 713 side. Thus, a signal voltage supplied from the signal lines ,s apphed to a region of the 
liquid crystal layer 702 positioned above the ionized plasma chamber 713. When the plasma chamber 7 3 . not 
Kzeo^e charge is not supplied to the reverse surface of the dielectric sheet 716. Therefore. ^« signal voltage 
is not supplied to the region of the liquid crystal layer 702 positioned above the plasma chamber 713. Thus, the 
plasma chambers 713 function as scanning electrodes in a simple matrix type liquid crystal display device^ 

« As a technique for producing a display with a large screen. Japanese Laid-open Publication Na 4-26593^ I dis- 

closes a technique of forming a plasma chamber structure on a glass substrate by a printing method using glass 

PaSl Japanese Laid-open Publication No. 4-313788 discloses a structure in which 

ternS ? a direction o? plasma chambers. In this structure, even when a thick dielectric^heet-s interposed between 
pLrmchambersandaliquidcr^ 

is prevented from dispersing on the liquid crystal layer side to cause bleeding of a display. 

The above-described techniques have respective problems. Hereinafter, these problems will be described. 
In the conventional liquid crysta. display device in an ASM mode, a liquid crystal materia, with *P^<"«*" 
55 anisotropy Ae is used. In this display mode, as described above, liquid crystal molecules are asymmetrically aligned 
so *a34r*ing display characteristics are obtained in an omnidirection. However, this Uqu-d crystal d.splay device 
has^he foS problems^ ) to (4): (1 , since this display mode is a normally whrte (NW) mode, a relat.ve.y high dr^ng 
voltage is required for decreasing the light transmittance under the application of a voltage so as to obtain a h.gh con- 
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trasr (2) in order to prevent light leakage when no voltage is being applied, it is required t".^ """^ "? 

central a*s is varied depending upon the pixel, and the central axis is not positoned almost at the center of the pixel 
regSalares^^ 

iS, Tuirmore S ZX£* crystal display devices using a IqUd crysta. materia with a positive dielectric anisotropy 
* _ Z^M^SS^^We^ (7). alignment directions of the liquid crystal moleculeson the d.v,s,on 
"SSFdSXK under the plication o, a vojtage i.e Z^S^Z^ 
decrease in contrast ratio. Furthermore, in this liquid crystal display device, in order to produce a Plumy « . ™ ,ae ° 
reoions * a resist ta i coated onto an alignment film, followed by rubbing on a region basis. According to this methodjhe 
Sment iZt e^>os£ to a resist Materia., a developing so.ution. a release agent, etc. Therefore ions contained^ 
"he rS J^devXing solution, the release agent, etc.. remain on the alignment film after the res,st is peeled I off .The 
remain ina ions may have an adverse effect on the display characteristics by moving during the operation of the liquid 
SSSSe to deteriorate the charge-holding characteristics of the '^crystal materia. ^ 
nomenon such as an image burn-in. Furthermore, depending upon the kinds of the ^hgnment film and the res st tobe 
cor^med. the alignment film is damaged to lose an alignment regulating force. Thus, such a liquid crysta. d.splay 

In" ^S^SSSSX - above (8, the Hquid crysta, J™ * 
symmetrically aligned only in the opening of the counter electrode. More specifically, the l.qu.d crystal molecules on the 
S W o the p-^Lay from the opening are not axis-symmetrically aligned. Thus, the ^/^^SS^ 
2 alioned which may cause a rough display. Furthermore, the positions or sizes of l>quid crystal domains 

e^on^ 

erated) are not defined, so that disclination lines cannot be prevented from being generated in p.xets. particularly, caus 

deoena; upon a viewing angle is applied to a display device with a large screen, even when an observers position ,s 
STe^ng a^gle (a and b) is varied depending upon the position of a display screen to be observed, as shown 
in Finure 38 Therefore the display quality becomes unsatisfactory in the display screen. t _ 

He ca2 oTme PALC irf a TN mrfe. considering the viewing angle dependence of the TN mode P o.anzat,on 
axes of Sla^P ates are set at 45- from a crosswise direction on the display surface, thereby ad.ust.ng the sidewa* 
vfetving anXcharacteristics seen by an observer in a satisfactory direction. In this case, at a portion such as an attach- 
m£ su2^ 

Tn attachrnent portion becomes visiWe due to the birefringence and the difference in refractive index of po anzed hght 
on the attachment surface, whereby light leakage, which is critical to a display, occurs in a crosswise direction. 

The PALC uses a display mode using p-type liquid crystal material, such as a NW mode and a TN mode. In the 
PAlSI *ese display Ss.^sufficie* congest ratio cannot be obtained. This .s caused by the nonuniform voltage 
WMc iS ZpS£\o the liquid crystal layer due to the nonuniform plasma charge. In the NW mode using p-type hq- 
u« crystal (L > 0). particularly, a black level under the application of a voltage is decreased, resulting in a great 
decrease in contrast ratio. 

SUMMARY OF THE INVENTION 

A liquid crystal display device of the present invention includes a pair of substrates and a liquid crystal layer pro- 
vided bXeenVhe substrates, wherein liquid crystal molecules in the liquid crystal layer have a negative d.elertnc ani- 
SSS^le liquid crystal molecules are aligned in a direction substantially vertical to the substrates ; wh en no 
vS is being applied and axis-symmetrically aligned in each of a plurality of pixel regions under application of a voK- 

a9e "ln one embodiment of the present invention, a thickness (A,) of the liquid crystal layer in the pixel region is larger 
than a thickness (d 0U J of the liquid crystal layer outside of the pixel region, and the dev.ce includes a homeottopic al.gn- 
meXe^areg^^^^ 

'^InaTOther embodiment of the present invention, at least one of the substrates has convex portions defining the 
pixel region on a surface on the liquid crystal layer side. •„. •« i«„,»et 

in another embodiment of the present invention, the thickness of the liquid crystal layer in the p,xel region is largest 
at a central portion of the pixel region and continuously decreases toward a peripheral portion of the pixel reg.on. 
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In another embodiment of the present invention, the thickness of the liquid crystal layer in the pixel region <s a»s- 
symmetrically changed around the central portion of the pixel region. 

,n another embodiment of the present invention, the above-mentioned liquid crystal d.splay «^^"JSnS 
a projection at the central portion of the pixel region, wherein the liquid crystal molecules are ax.s-symmetncali y aligned 
around the projection under the application of a voltage. 

Another embodiment of the present invention, a retardation d - An of the liquid crystal layer .s .„ a range of about 

300 ran O 0,he 0 r erSSdimen, of the present invention, a twist angle of the liquid crystal layer is in a range of about 45- to 

*" in anther embodiment of the present invention, the above-mentioned liquid crystal display device includes ; a pair 
of polarizing plates disposed in crossed Nicols on both sides of the liquid crystal layer, and a phase difference plate hav- 
^ng aSor^hTrTin wnich a refractive index n x , y in an in-plane direction is greater than a refractve index n z ,n a direc- 
tion vertical to a plane, is provided on at least one of the polarizing plates. 

" another embodiment of the present invention, an axis-symmetrical alignment 
uid crystal molecules with an axis-symmetrical pretilt angle is further formed on a surface of at least one of the sub 

S,ra 7n%r« invention, the axis-symmetrica. alignment fixing layer contains a photocura- 

Tmethod for producing a liquid crystal display device of the present invention includes the steps of^rming , a 
homeotropic alignment layer on a pair of substrates, respectively: disposing a mixture containing a '^crystal rnate- 
riTr^ing a negative dielectric anisotropy and a photocuraUe resin between the homeotropic ^"mertt orr the 
substrates- and curing the photocurable resin while applying a voltage higher than a threshold voltage of the .quid crys- 
S rnSriai to th^lre. so as to form an axis-symmetrical alignmentfixing layer providing the hquid crystal molecules 

W ^rnfe=^ 

vex portions defining pixel regions on a surface of at least one of the substrates before the step of form.ng the homeo- 
tropic alignment layers on the substrates. . , .„„ ho _ ... 

A liquid crystal display device of the present invention includes: a plasma substrate having plasma <*an*ers Jor 
perforrtng plasma discharge; a counter substrate having signal electrodes: and a liquid crystal l ^P l ™d*£*r™ 
the plasma substrate and the counter substrate, the device being driven by the signal electrodes and the plasma cham- 
KS^KSeryrtal molecules in the liquid crystal layer have a negative dielectric anisotropy. and the >Uquc ays- 
tal molecules are aligned in a direction substantially vertical to the substrates when no voltage is be.ng applied and axis- 
symmetrically aligned in each of a plurality of pixel regions under application of a voltage. . . 

Tone embodiment of the present invention, a thickness (d*,) of the liquid crystal layer in the pixel region is larger 
than a thickness (d^O of the liquid crystal layer outside of the pixel region, and the device includes a homeotropic al.gn- 
mentUerina^ 

13X6 In'another embodiment of the present invention, at least one of the counter substrate and the plasma substrate has 
convex portions defining the pixel region on a surface on the liquid crystal layer side. 

In another embodiment of the present invention, the thickness of the liquid crystal layer in the pixel region is largest 
at a central portion of the pixel region and continuously decreases toward a peripheral portion of the pixel region. 

In another embodiment of the present invention, the thickness of the liquid crystal layer in the pixel region is axs- 
svmmetrically changed around the central portion of the pixel region. 

7n another embodiment of the present invention, the above-mentioned liquid crystal d.splay dev.ce includes a pair 
of polarizing plates disposed in crossed-Nicols on both sides of the liquid crystal layer, a polarization axis of one of the 
polarizing plates being parallel to an extending direction of the signal electrodes or the plasma chambers. 

in another embodiment of the present invention, an axis-symmetrical al.gnment fuang layer which provides the liq- 
uid crystal molecules with an axis-symmetrical pretilt angle is further formed on a surface of at least one of the plasma 
substrate and the counter substrate on the liquid crystal layer side. 

In another embodiment of the present invention, the axis-symmetrical alignment fixing layer contains a photocura- 

We Tiiauid crystal display device of the present invention includes: a pair of substrates and a liquid crystal layer pro- 
vided between the substrates, wherein liquid crystal molecules in the liquid crystal layer have a negative dielectric w- 
sotrooy and the liquid crystal molecules are aligned in a direction substantially vertical to the substrates when no 
driving voltage is being applied and axis-symmetrically aligned around an axis-symmetrical alignment central axis in 
each of a plurality of pixel regions under application of a driving voltage, and convex portions defining the pixe I region 
are provided on a surtace of at least one of the substrates on the liquid crystal layer side, and a treatment for controll.ng 
a position of the axis-symmetrical alignment central axis is conducted. 
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in one embodiment of the present invention, the above-mentioned liquid crystal display device .ncludes a region n 
which riiq^ystal molec^es keep a homeotropic alignment state ^ ^on^^yrn^ ahgn- 
ment central axis forming voltage at each predetermined position in the plurabty of p.xel reg.ons 

n another embodiment of the present invention. Sa is an area of the region in which the l^urf crystal molecules 
. kee ?j£££?S£l state under the application of the axis-symmetrical alignment centra. ax,s forming voH- 
___ a is an area nf the pixel region, and Sa/A satisfies the relationship 0 < Sa/A < 4% . .... 

In ano\herTm^imem o, ^ p esent invention, the above-mentioned liquid crystal display dev.ce .ncludes an ax>s- 
symmeS a ££2SnM ^forming portion a. a predetermined position in each of the plura rty of ^eg.ons 
andtheaxis-symmetrical alignment central axis of the liquid crystal molecules ,s formed corresponds to the ax.s-sym 

inn nnrtion A is an area of the pixel region, and Sb/A satisfies the relationship 0 < Sb/A < 4% 

9 rano^e^Sment of le present invention, a thickness of the .iquid crysta. layer in the pixel reg.cn ,s .arger 
than a thickness of the liauid crystal layer outside of the pixel region. ... * 

1S inlnSembc^memof^ 

at a centra, potion of the pixel region and continuously decreases from the central portion to a penpheral port.on of the 

^TSer embodiment of the present invention, the thickness of the liquid crystal layer in the pixel region is axis- 
symmetrically changed around the central portion of the pixel region. 

nf nt tPA«a one of the substrates on the liquid crysta! layer side. 

TwoZre^MX of the present invention, the axis-symmetrical a.ignment fixing layer contains a photocura- 

1,16 Tmethod for producing a liquid crystal display device is provided. The device includes a pair of substrates and a 
2S tiqui ^Mayer prSided^etween the substrates, .iquid crysta. mo.ecu.es in the liquid crystal layer having a negative 
dSric anisotropy. the liquid crystal molecules being aligned in a direction substantially vertical to the substrates 
wh^no driving vlge is being allied and being axis-symmetrical.y aligned around an ^SlSSZS 
central axis in each of a plurality of pixel regions under application of a dnving voltage. The method .ncludes the step o. 
nsrfnrmina an axis-svmmetrical alignment central axis forming process. 
30 in one SeS of the present invention, the axis-symmetrical alignment central axis fo^.ng process indudes 
the steS of SosTn9 a precuLr mixture containing a liquid crysta. material and a photcKurable materia, between he 
subsSs; and curing the photocurable materia, while applying an axis-symmetrical ahgnment central ax>s forming 

^SSEZZS^ present invention, the axis-symmetrica. alignment centra, axis forming vo.,age is 1/2 
« nr mnrp of a threshold voltaqe of the liquid crystal material. 

In anot^e^ment of the present invention, the axis-symmetrical alignment central axis form.no voltage .s an 

AC t enrther embodiment of the present invention, a frequency of the AC voltagels 11 Hz °<r*°- 

Thus the invention described herein makes possible the advantages of (1) providing a liquid crystal display device 
40 incluSnl a X£ "rystel region in wh.ch .Iquid crystal mo.ecu.es are ax.s-symmetr.ca.ly aligned in each pixe region. 
^^Mr^vi^ lng^ characteristics in an omnkJirection and a high contrast without roughness: (2) provid- 
Z M SXS address LCD having outstanding viewing angle characteristics and a high contrast: and (3) provdmg a 
r^h^ri fnr nmriucino the liauid crystal display devices as described above with ease. 

T?e °e a'Xer^Ses oTthe preset invention will become apparent to those skilled in the art upon read.ng 
45 and understanding the following detailed description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1 A through 1D are schematic views illustrating the operation principle of a liquid crystal display device in 

thr ° U Ftaures 3A through 3D are schematic views illustrating the relationship between the position of a central axis of an 
55 ^T^^t^^s^Z thickness «WX, of a liquid crystal layer of the liquid cysta, 

^uT^t^ views mating a P *e> region in the liquid crysta. display 

device in the embodiment of the present invention. 
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crystal display device in another embodiment of the ^"^^"^^^^ wnen a volta ge is applied to the liquid 
crysfa^^^^ 

^^1? is n a radar chart showing viewing angle characterises of the nqu* crystal display device in Examp.e 1 of 
^ P ;r 9 lre Saschematic partia. cross-sectiona. view of a substrate used in a crystal display device in Exam- 
' CmSSl showing viewing angle characteristics of a liquid crysta. display device in Examp.e 7 of 
,hS ^re^TTstschematic partia. cross-sectiona. view of a ..quid crysta. display device in Examp.e 8 of the present 

, inV tg° U n re18isas^ 

^ '9A r.SZSe partial cross-sectiona. view of a substrate used in a PALC in Examp.e 1 , of the present 

invention, and Figure 19B is a plan view thereof. E v amD le 12 of the present invention. 

. F^lsa^^ 

invention^ a schematic partial cross-sectiona. view of a liquid crystal display device in Example 1 3 of the present 

0< XS^Sematic partia. cross-sectiona, view 0 , a. iquid crysta. display device in Example 14 of the present 

„ e^i^rre^ 

inVen Fig°ure 27 is a radar chart showing viewing ang.e characteristics of a Hquid crysta. display device in Example 1 8 of 
^ ^Sfre Sradar chart showing viewing angle characteristics of a *« crysta. disp.ay device in Examp.e 19 of 

45 the present invention, . ^ctai dfcnlav device in Comparative Example 10. 

* P SSST«i a schematic plan view of a conventional .iquid crysta. display device in a wide viewing ang.e mode. 
" 5K S tVSSS iiSSSSS^e- *« -ta. display device 
^TgureSTs ^schematic view i.lustrating the operation principle of a conventional liquid crystal display device in a 
^fglXSi somatic cross-sectiona. view of the conventional .iquid crysta. display device in a wide viewing 

^rSm is a schematic cross-sectional view of a conventional PAL£ 

Figure 37 is a schematic view illustrating the opembon pnnaple of the conventional PALC. 
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Figure 38 is a schematic view illustrating the difference in viewing angle in a large display device. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 Hereinafter, preferred embodiments of the present invention wii. be described with reference to the drawings. It 

should be noted that the present invention is not limited thereto. 

Embodiment 1 
io Basic operation 

Referring to R gures1Ath^^^ 
of the present invention will and Rcure a s^wratJc cres^«ertional view thereof under the appli- 

( , ipu id crysta. mo.ecu.es) 42 with a negative l*^'* 3 "^^^^ wrth the .*,uid 

tropic alignment layers 38a and 38b are provrfed 2*one3Si substrates 32 and 34 on the liquid 

crysta. layer 40. Convex portions 36 are formed or ^ "^^J^^^Slwo dmerent thlc^~ 

When pixel regions are observed when no vottage .s betng ■ ™ ^tion of a voltage, the liquid 
UacMieldofviewCnorrr*.^ 

crysta. molecules 42 having a negative d.electnc an,s £JSm the liquid crystal molecules 

liquid crysta. mo.e^^^^ ^ 1C 

Wh^S 

observed in the directions of polarization axes as shown .r device 100 of the present invention. The 
Figure 2 shows a voltage-^nsmittance ^^Jg^^'Sfi^ ^represents a relative 
abscissa axis represents a voltage appl.ed to the ^f^^J^ ^age is being applied, the transmit- 
transmittance. When a voltage .s ^ a ^ 0 ^^^^^'l^^ resp ect to a saturated transmittance 
tance gradually increases. A voltage * w ^*Vwh™^ 

becomes 10% is referred to as V th (threshold voltage). ^^^^^V^^^^ v., (saturation vottage). 
increases to reach saturation. A ^age *^ 

In the case where a voltage applied to the hquri crystal ^^gj^ in vici nity of 1/2 V th . the liquid 

changes in the operation range shown ,n W * ""J^" .^"tmtes 3e remembering the symmetry with 
crystal molecules are aligned .n a direction almost vertical tothe * u ™^' ™ . 1/2 v fe appliedi it is consid- 
« respect to central axes in axis-symmetrical ahgnment. ^^^^^1^ aliment state. However, 
ered that the liquid crystal mo.ecu.es '^^^^t^S^^Sn are aligned in a direction almost 
when a voltage to be applied becomes lower than 1/2 V, h . the liquid crjysta. ^ ,„ the Asymmetrical 
vertical to the substrates the .iqu* cU 
alignment, Thus, even when a voltage "^T^** 'V^, B pr esence of a plurality of central axes in axis-sym- 
so ecu.es are tilted is not uruquely ( * eterm !"!? '^t^ Mo^ScaH* a plurality of central axes are once 

metrical alignment, the tiansrruttance does not become ™*££^%\J^ £ a stage where an n-type 

case of an applied voltage of less than 1/2 v tiv hpromBS DractiC aiiv useful by applying a voltage realizing axis- 

ble after the commencement of the display. 
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Convex portions defining pixel regions 

As shown in Figure 1 A. the liquid crystal display device 1 00 of the present invention has convex portions 36 so as 
to surround the pixel regions. In the case where the thickness (cell gap) of the liquid crystal layer 40 .s unrform without 
convex portions 36. the positions and sizes of liquid crystal domains (^""O^ 3 ' 1 ^^ ?* a 
clination lines) are not defined. Therefore, the liquid crystal molecules are aligned .n a random direction, resulting in a 

r0 TSg in to fl 7e^erent invention, the convex portions 36 define the positions and sizes of the liqu« I crystal 
regions exhibiting axis-symmetrical alignment. The convex portions 36 are formed for the purpose of controls , the 
thickness of the Ikiuid crystal layer 40 and weakening the interaction of the liquid crystal molecules between the p.xe 

layer 40 orTthe periphery of the pixel region is smaller than the thickness d,„ of the liqu.d crystal layer 40 ,n the pixel 
e;onTpening P porton) y i.e.. d ln > dou ,. and the relationship 0.2xd in * d , * O.Sxd, is 'f^^SSi 
in the case of 0.2xd in > d out . the effect of weakening the interaction of the liquid crystal molecules between the pixel 
regions by the convex portions 36 is not sufficient, and it may be difficult to form a single ax,s-symmetr.cally aligned 
region in each pixel region. Furthermore, in the case of d^, > 0.8xd,„. it may be difficult to inject a liquid crystal material 

It is notedThat T-pixel" is generally defined as the minimum unit for performing a display. The term "pixel region- 
used herein refers to a partial region of a display device corresponding to the -pixel". In the case of pixels having a large 
aspect ratio (i.e., long pixels), a plurality of pixel regions may be formed with respect to one long pixel. The number of 
pixel regions formed corresponding to pixels is preferably as small as possible, as long as the ax.s-symmetr,ca a hgn- 
ment is stably formed. The term "axis-symmetrical alignment" refers to. for example, radial alignment, tangential align- 
ment, etc. 

is Control of positions of central axes In axis-symmetrical alignment 

The positions of central axes in the axis-symmetrically aligned regions generated under the application of a voltage 
have a great effect on display quality. Referring to Figures 3A through 3D. the relationship between the positions of cen- 
tral axes and the display quality will be described. As shown in Figure 3A. in the case where a centra axis 44 .s posi- 

so tioned at the center of each pixel region, even when a display surface is observed with a cell tilted, all the pixel regions 
are observed in the same way as shown in Figure 3C. As shown in Figure 3B. in the case where the central axes 44 
are positioned shifted away from the centers of the pixel regions, the pixel regions with the shifted central axes are 
observed in a different way from the other pixel regions as shown in Figure 3D. which results in a rough display. This 
problem becomes particularly remarkable in gray scales. 

35 The positions of central axes in axis-symmetrical alignment can be controlled by adjusting the thickness d,„(x) of 
the liquid crystal layer in the pixel regions. As shown in Figures 4A and 4B, the thickness d ln (x) of the liquid crystal layer 
is continuously changed so that the thickness d,„ (x = 0) of the liquid crystal layer becomes maximum and the thickness 
d- (x = r) becomes minimum, where x = 0 at the center of the pixel region, and x = r at one end of the pixel region It is 
preferable that the differential coefficient of d ln (x) is always negative and continuous from x = 0 to x = r. In v.ew of the 

40 symmetry of the viewing angle characteristics, it is preferable that the thickness of the liquid crystal layer is as symmet- 
ric as possible with respect to the center of each pixel region. 

The axis-symmetrical alignment is formed with good reproducibility by controlling the thickness of the l.qu.d crystal 
layer as described above. This mechanism will be described with reference to Figures 5A through 5C. Figures 5A 
through 5C are schematic cross-sectional views illustrating a pixel region of the liquid crystal display device of the 

45 present invention. . 

As shown in Figure 5A. a display electrode 52 is formed in a pixel region on the surface of one substrate 32. and a 
homeotropicalignment layer 58a is formed so as to cover the display electrode 52. The homeotropic alignment layer 
58a has a cross-section in which the thickness d,„ of the liquid crystal layer 40 changes as shown in Rgures 4A and 
4B The changes in the thickness d, of the homeotropic alignment layer 58a with respect to a position x is opposite to 

so the changes in the thickness of the liquid crystal layer 40. Therefore, it is preferable that the differential coefficient of 
d,(x) of the homeotropic alignment layer 58a is positive. A counter electrode 54 is formed on the surface of the other 
substrate 34 on the liquid crystal layer 40 side, and a homeotropic alignment layer 58b is formed so as to cover the 
counter electrode 54. The homeotropic alignment layer 58b has a flat cross-section. 

Liquid crystal molecules 42 in the vicinity of the homeotropic alignment layer 58a are aligned in a direction vertical 

55 to the surface of the homeotropic alignment layer 58a. so that they are tilted from the substrate surface. Thus when a 
voltage is applied across the electrodes 52 and 54. the major axes of the liquid crystal molecules 42 become tilted from 
an electrical field direction E. As a result, the liquid crystal molecules 42 are fitted by the electrical field E only in direc- 
tions represented by arrows in Figure 5A. A tilt angle 9' of the liquid crystal molecule from a direction normal to the suc- 
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good reproducibility. . thft , hickne ss of the liquid crystal layer 40 is controlled by the cross- 

In the example shown m F.gure 5A. although th «f'^ ss ™ ~Z«JL, the ttiickness of the liquid crystal dis- 
sectional shape of the homeotropic alignment layer 58a rtSric layer 59 having a desired 
pIay device 40 is not limited thereto. For ^* » £™ £j£^£^£Z» a uniform thickness may be 

20 Liquid crystal material 

!ng that a driving voltage is decreased, the which in , luen ces critical device charac 

35 mum may be set as the maximum driving voltage V „ in F -J0J«J- (anisotropy of a refractive index: 

40 However, the second mmimum condrt.on « no P re, « ra ^'"^ " L_ lied ^age and the transmrttance 

nomenon occurs under the second minimum ^^^^J^^^^ an im p 0rla nt factor determining the 

i, is diHicult to stably produce axls-symmetncal ahgnment. so that J^^f^ 1 ^ anl under the application of 
mittance becomes maximum in the ^^T^^^^S^^ S>X to the presentation. 

uid crystal ™teriaK retardation in the above-mentioned range under the application of the 

55 .aximTdt^^^ 



effectively. 
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Photocurable resin 



■ Wmmmmmm 

,s typeWi " S "derivatives thereof can be used. By adding a photopo.ymerizafon imbator to these resins, the photocur- 

- H iHe^^^ 

S c^staScuies a^ gn^^rgely shifted from homeotropic alignment when no voltage is being appl.ed. This 
^SmS!S!!^ S^ht leaLge) to increase. deteriorating the black state when no voltage . be.ng app.ied. 

25 Phase difference plate 

In the case where a vertically aligned liquid crystal molecules are disposed between two polarizing plates whose 

cell determined by the product of An peculiar to the liquid crystal material and a thickness dof the li 

about 80%. staining becomes large in the wide viewing angle direction, which is not preferable. 
Homeotropic alignment layer 

As the homeotropic alignment layer, any layers having the surface capable of vertically aligning liquid (crystal mol- 
ecule mal be used The homeotropic alignment layer can be made of an inorganic matenal or an organs material. For 
ecules maybe us^. ineno^meo P a produced by Japan Synthetic Rubber Co.. Ltd.; 1211. produced by Uxs- 
^^r^ZT^ 2£S£ <BXP-OA00 P 3; priced by Nissan Chemical Industrie, Ltd.,. and 

so the like can be used. 



Embodiment 2 



55 



The present invention is also applicable to a PALC. Figure 7 is a schematic cross-sectional view of a PALC 400 in 
,ho nZZ ^nMnent The PALC 400 includes a counter substrate 120. a plasma substrate 1 10. and a l.qu.d crystal 
^S^SSSZi^^^^ crystal layer 102 is sealed with a seaian, 106 The plasma s^sjaje 0 
ndudes a , subVtrate 111. a dielectric sheet 116 opposing the substrate 111. and a plurality of plasma chamber 113 
Sned by pSS walls 112 provided between the substrate 111 and the dielectric sheet 116. The p.asma chambers 
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75 



20 



25 



l^opposetheHquidcrvs*,^ 

chamber 113 is ionized by applying a voltage across an ™ A plurality of chambers 113 extend 

substrate 111 on the plasma chamber 113s.de whereby .Pf^«f^7S^Vr^™ as tobe orthogonal to 
in the shape of stripes in a direction vertical to the £j yL. layer 1 02 side. Inter- 

transparent electrodes 1 05 formed on the surface of *° ^"^^J*^ with a simple 

sections of the plasma chambers 1 1 3 and the ^^^^^^J^^^MnM 120 correspond to dis- 
matrixtypen^id^ 
p ,ay electrodes s-gnal electr^es)^^ 

Convex portions 1 32 in the shape of a lattice are rormeu u axis-svmmetrically aligned regions to 

side so as to correspond to the non-pixel regions. ^ZXZ^^^Z^^ and 134b arepro- 
be formed so as to correspond to the pixel regions^ ^rmore. E™£Xl2*£»B g uid CTystal | ayer 102 side. 

oi me dielectric coosttntperpendicunr thereto.) _ between the Iq- 

voltage applied to the liquid crystal layer 1 02 is sma le -man tna, app ^ 1 1 g ^ ^ |jqujd 

l!m does not cause any practical problems. 
so Arrangement of polarizing plates 

„ er»n»ecorr..rrmtoMouslnmec...^ tti'pherrcnrenor. 

becomes minimum. In the case of a device in a i im rnooe. aA * t _ noia^ing plates are generally 

as seen by an observer, considering , «sv = r^fM ^££iSSon the disptay su, 
disposed in such a manner that the polarization axes are * " aro disposed in this way. since the 

40 face as shown in Figure SB. When the polarizing plates ^.^J^^^S^M^M of the 
piasma chamber structure alignment mode (ve, 

symmetrical alignment is applied to the PALC. 
Embodiment 3 
50 Basic Structure and Operation Principle 
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15 



25 



35 



(substrate 32 in Figure 1 0A) on the liquid crystal layer 40 side. .^^^w n „H ri Asa result 

Because of the convex portions 36. the liquid crystal layer 40 has two different thicknesses d^, and d,„. As a result 
uoon the a S P LTon o7rS for forming axis-symmetrica. alignment central axes (described later) hqu.d crystal 
S^aSSX^nm-Ll alignment are defined by the convex portions 36. The formation of the convex por- 
ions 36 def ines the positions and sizes of the liquid crystal regions exhibiting axis-symmetrical alignment. The detail o 
Eco^exS^ 

Mhri. to controlled by the axis-symmetrical alignment central axis forming portion 35. Thus as shown m F ^ 
?0C me^uid^rystal molecules 42 are axis-symmetrica.ly aligned around an axis-symmetrica. 
^^^B^-^mMi alignment centra, axis forming portion 35 in the pixel region defined by the convex 

""''Trie Squid crystal molecules 42 are aligned in a direction vertical to the substrates 32 and 34 by ^ alignment reg- 
ulati™ to croSomeoUic alignment layers 38a and 38b when no voltage is being apphed as shown in Figure 
l oT vvJen the pixel regionfare observed with a polarizing microscope in crossed-Nicols when no voltage is being 
ao^a darkTeW of v?ew (normally b.ack mode) is exhibited as shown in Figure 10B. Upon the application^ o a volt^ 
age Se Nqu^ cS?molecu.es 42 having a negative die.^ 

S axes of the liquid crystal molecules 42 in a direction vertical to the electric field direction^ Therefore, the hqind 

3 a .T 0 !ecu es 42 are til^d from the direction vertical to the substrates as shown in Figure JOB 

staTe) When the pixel regions in this state are observed with a polarizing microscope in crossed-N,cols, extinction pat- 

nrgrrs^?vX1— «** crys*. *P* device o, the present invent^. The 

abseil axfs regents a voltage, and the ordinate axis represents a relative transmittance As shown iri , F.gu« .2. 
when^vc^^^^^^^ 

. .v-f elates 32 and 34 However the direction in which the liquid crystal molecules 42 are tilted is not 
XSSESnS^SS S. e^resTnUnvention. because of the convex oortions 36jl plurality of central axes 
r^is-symmeWcaYalignment (hereinafter, merely referred to as "central axes") are formed in .quid crystd regions 
exhTbiting^xTs symmetrica, alignment defined by the convex portions 36. However, when such a plurality of central axes 
are Dresent both the alignment and the transmittance are unstable. . 

Zn a voltage of 1/2 V th or more is continued to be applied, a plurality of central axes become a sing e entr* 
axisTeach Sfd crystal regjon defined by the convex portions 36. In the case where a voltage appl.ed to the liquid 
crystal fayer XbeWm 1/2 V lh and V." the transmittance reversibly changes in the operation range as ^shown in 
Figure 2 Under he condition that a voltage in the vicinity of 1/2 V,„ is applied, the liquid crystal molec >•>" ™ 
in a dfrect^n almost vertical toihe substrates, while remembering the axis-symmetrical alignment state under the appl- 
r a «on Tb volta^oM/2 V, h or more. i.e.. the symmetry with respect to the central axis. However, when the voltage is 
emo^ o, tSSSi -3 c5c%-«l to less than 1 /2 V,, the liquid crysta. mo.ecu.es are aligned in 
veSo the Lbs^es and return to a state not remembering the axis-symmetrical alignment state. Thus^even when 
a vottaae exceeding 1/2 V, h is applied again, a plurality of central axes are once again formed. For example at a stage 

, wheni 'an n 'y£ f crysta. ^terial is injected into a .iquid crysta. cel.. the liquid crysta. mo.ecu.es behave in the 
Kflmft wav as in the case of an applied voltage of less than 1/2 V th . ^ . 

K Tdesaibed above, the liquW crystal disp.ay device o. the present invention operates in a norma >» "«*^ in 
which^e?S crystal molecules are aligned in a direction vertical to the substrates to perform a bla ^ d ' s P^^" 
no voltaae is being applied, and the liquid crystal molecules are axis-symmetrically aligned around a central axis 

i forrr^Tea^ 

a^es are formed after the application of a voltage, so that the operation becomes unstable witii a black display being 
germed Zen no voltage^ being app.ied. .n order to achieve a stable operation in the display mode of the present 
invention, it is desirable that one central axis is formed in each pixel region prior to a display operation. 
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,n order tdformonecentra, axis ^^^^ 
voltage of. 1/2 V, h or more should be ap P l.*d. ^* *J £j£ ^Si However, the removal of the voltage a..ows a 
axis-symmetrical alignment state can be rea^.red during a wrtte mp y ^ used underthe appll . 

Control of the positions of central axes 

As described above, ac^^ 
tical to the substrates when no vottage is ^J^J^J^^^^a region defined by the convex 
molecules are axis-symrnetrically aligned around "J*" ^ an ^ a wide viewing angle can be realized, 
portions. Thus, a liquid crystal display dev,ce wrth a ^^^^MM the application of a voltage is not 

However, since the direction in whi <* *° ^ 
uniquely determined, the central axes can ^^^^^SL^ even in the identical pixel region every time 

dOTMd with rstoenoe U n>nl 3A iS^SSTSft. pM »*»»«• oWrvto » ■ a* ™™» 

c.ml position in In. pM '^iS i .1^ "n iw.»rtn««""- 

where the liquid crystal molecules keep a r0P ' c *' 3 n ^ the positions of the 

vided in the pixe. regions by the^ 

centra, axes can be controlled. The regions where the .quid alignment central axis forming portions 
under the application of a voltage can be provided by torrnwax » ^"JJ£ o% < Sa/A < about 4% . where Sa is 
. in the electrodes in the pixe. region* .n * h, "^'Jl^ J^^^^A^I if a Son vertical to the substrates under the 
an area of a region where the kquid crystal , "„ * ° n eacn pixel reg ion. and A is an area of each 

application of an axis-symmetrical aHgnmerrt centfa. axis o m,n 0 thf positions of One centra, axes 
pixe. region, for the fol.ow.ng r ^^^^^Z alignment centra, axis forming portions which do not 
When Sa is about 4% or more, the ratio of the axis^ «V™*™» ac J defects decreasing the contrast in most cases. 
« contribute to a display is too .arge. and those Portonsjoom d ^f f ^ ing 9 portions are sta b.e without the 
The liquid crysta. molecules in ^J^^^^^^^ when a centra, axis is formed in a posi- 
alignment state thereof being influenced by keep a homeotropic alignment state 

tion of the pixe. region other than the pc.rt.on where *eUqud crystal molecu ^ ^ ^ ^ 

even under the application of a voltage, the central ax '"1?° py continuing to apply an axis-symmetrical 

so tion where the liquid crystal mo.ecu.es Keep ^SSJ^S^t^^ of the pixel region where the Uquid 
alignment centra, axis forming ^"^f^J ^ u S e r the application of a voltage. The time required to 

crystal molecules keep a homeotropic alignment f 13 *^" u "°! "rim where the liquid crystal molecules keep a 
allow the central axis to move to a predeterrmned P^ton a ^uld^ to be. for example, tens of 
homeotropic alignment state ^.^^^ axis forming voltage while 

55 seconds or more. Furthermore, the application of an J""**"™ ™» 9 ft rtion wnere the ^ is originally 

liability ofthe positions of the centra, axes are furthermore improved. 
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Mernaflvely. by provide an axis-symrnetr » a'^nfoTe^^ 
(preferably, a substantia.* centra. *»^Z^^K££^^L. and the alignment o, the 
the central axes can be controlled. Figures 1 1 A and 1 1 IB show tne i si axis . sy mmetrical alignment 
, iq uid crystal mo.ecu.es ur^er ^e apr^cat,^ 

rsss^ - M portion - 13 denotes an e,ectr,c 

shown in Figure 11B. the liquid crystal molec ules ^ the p.xel ^.sy^etrica. alignment 

ment central axis forming portion 2a. ^^..aH hv adiustina the thickness of the liquid crystal layer 

Embodiment 1 with reference to Figures 4A and 4B. 

Stabilization of an ax.s-symmetr.cal a.lgnment state of the liquid crysta. mo.ecu.es under the app.ication of an 
axis-symmetrical alignment central axis forming voltage 

ecu.es are allowed to remember an ax,s-symmetncal ahgnment ^Je^e axis-symmetrical 

termed upon the application o, a*^ ^ SZSKS the display opera- 

35 crystal display device. 

Axls-symmetrica! alignment fixing layer 

mixture containing at least a liquid crystal maieriai ana a u examole by exposing the precursor 
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^Srohotocurable material is preferably used for the following reason. Desired regions of the photocuraWe rraterial 
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. _ ~< ^inr <i(tpr«; in a linuid crvstal display device, these members can be used in place of a pho- 

the substrates, a magnetic field may be applied in place of the axis-symmetncal al.gnment central ax,s forming voltage. 

Examples 

Hereinafter, the present invention will be described by way of illustrative examples. However, the present invention 

is not limited thereto. 

Example 1 

Referrina to Fioures 12A and 12B. a method for producing a liquid crystal display device in the present example 
will bS E ote 66 with a height of about 3 urn were formed with a photoresist (OMR83; produced 
^hte^haVoreoJons other than pixel regions of a substrate 62 having transparent electrodes 63 made of ITO 
w££ ™ ^ nm^n te surface. Then. SfLers 65 with a height of about 5 >m were formed on the convex por- 
SrwlCnotosensitL polyimide. The size of a region (i.e.. a pixel region) defined by ttie convex portions £6 was 
bribed to b 100 am x 100 urn. Polyimide (JALS-204; produced by Japan Synthetic Rubber Co.. Ltd ) was sp.n- 
S omo tffe rlsultant substrate to form a homeotropic alignment layer 68. Furthermore a "7^°P' C a^nment 
SerwaTSso formed with the same material on transparent electrodes of the other substrate (not shown). These sub- 
strates were attached to each other to complete a liquid crystal cell. M^talmat^ial-OO'ina 
In „ t^o lin. ,iH rrv^tal material fAe = -4 0' An = 0.08; a twist angle peculiar to the liquid crystal material = 90 in a 
„ ™ ^Im^StZ She cel. produced asdescribed above, and a voltage of about 7 volts was applied to 
£ SlXl^^S^*** voltage, a p.urality of centra, axes are present in an initial state. When 
IneSeTslontinuedtobea^^ 

'^Polarizing plates were disposed in crossed-Nicols on both sides of the cell, whereby a liquid crystal display device 
t ™?2 ^ structure ofthe liquid crystal display device thus obtained was substantially the same as that of the 
KSS^^^S^J Bgures iVthrough 1D. except that the cross-section of the 
S™£ av« r M ^had the shape of a mortar as shown in Figure 12A (polarizing plates are not shown). S.nce the 

cTnoeTi^ 

2 ^ and a SSoeff icL of a curve showing changes in thickness of the Kquid crysta. .ayer ,n the p.xe. region 

iS "^r^s-svmmetrical alignment of the cell in Example 1 is stable under the application of a voltage of 1/2 V, h or 
more an"s d^reJw^ en ?^e voltage is decreased to less than 1/2 V th to return to an initia. slate. When a voUage mj, 
TooH^to the cen aaain an initial axis-symmetrical alignment with a plurality of central axes .s obtamed Thereafter, an 
SJmmetrSaS^^^^ 

Ts obS even when the same experiment is conducted 20 times. After forming the ax.s-symmetrica alignment state 
by " -oLge of^ V th or more, the cel. in Exampie 1 was measured for elerfro-opfc character^ 
■n •> uoitaoe ranoe 1 1 12 V.k or more) in which the axis-symmetrical alignment was stable . . , 

Tm£^^££<1*c characteristics thus obtained. As is apparent from Figure 13. the ..quid crystal 
di Jl detice ol^e pVeseminvertion had a satisfactory contrast ratio (CR - 300:1. 5 volts) with a low transmmance 
wntn noSe is be^ng applied. Regarding the viewing angle characteristics, a high contrast ^-o^s ob^ned I in a 
ISS range aTshown in Figure 14. In Figure 14. v represents an azimuth angle (..e.. intra-display surface 
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a n g le).ere P resentsaviewingangle(i.e..ati.tang^ 

resents the region with a contrast of 10:1 or more. 

Comparative Example 1 

In Comparative Example 1 , the homeotropic alignment layer 68 was directly formed on the transparent elec^ode 

,c 2^^^S«*« « ce »" ™ e WckneSS 0Mhe *" ,ayef ^ r69,0nS 
*^SJSSS-tal aS that in Example 1 was injected into the ceil, the liquid crysta. 
aligned and disclination Unas were formed in a random manner. The cell was observed under the appl.cafon of a volt 
age, showing that the display was rough in gray scales. 

15 

Example 2 

As shown in Figure 15. a projection 69 was formed in a central portion of a pixel region on th ^ substr ^ e ^3 
the cc^Sions 66 in Example 1 using a resist material (OMR83). The width of the projectoon 69 .s preferably about 

hTopen^ 

cell was produced in the same way as in Example 1 . except for providing the projections 69. 

tea result oithe observation of the cell, a central axis was formed at a position of each proiecuon 69. and mus^a 
liauid^rvstal d sX d^rice in which central axes were formed at central portions in almost all the ptxel reg-ons was 
ss SrSZSXSvm crystal disp.ay device was observed in various viewing angle d,rect,ons. a d.splay wrthout 
roughness was obtained. 

Examples 3 and 4 and Comparative Examples 2 and 3 

30 Liquid crystal display devices in Examples 3 and 4 and Comparative Examples 2 and 3 were produced in the same 
vwv^ in Example 1 except that a cell gap (thickness of a liquid crystal layer) was adjusted as shown in Table 1 The 
^riino Lmo3 a ch™ agent (S-81 1 : produced by Merck & Co.. Inc.) in the liquid crystal material used .n each Itquid 
£3 diTpTay d^c^ aSIn such a manne" that the twist ang.e peculiar to the liquid crysta. materia, became 

90°. 



55 



Table 1 



Cell gap d (urn) 



d • An (nm) at V max 



Transmittance (%) at V max ' 



Example 



400 



70 



4.4 



352 



58 



5.6 



448 



73 



Comparative Example 



3.1 



248 



39 



6.5 



520 



72 ' 



• Relative value with a transmittance in parallel Nicols being 100% 
*• Measured at a maximum transmittance 

When an increasing voltage was applied to the liquid crystal cell in Comparative Example 3 with ^^tardation of 
520 nm until a maximum transmittance was obtained, a transmittance decreased, and a contrast inversion phenome- 
non S e a ohenomeZ occurring when the voltage exceeds V m „ in Figure 6) was observed in a grayscale display, 
"n the'nqutJ device in Comparative Example 2 with a retardation of less than 300 nm. a transmmance 
wasl^ 

is preferably in the range of about 300 to about 500 nm. 
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Examples 5 and 6 and Comparative Examples 4 and 5 

U.uidcrysta.d.sp.aydevices having dmeren^ 
Examples 4 and 5) were produced by adjusting the addng amo Jo a oh age* f^ 1 ^ tic y cnaracteristics 

device became maximum. 



Table 2 




Example 


Comparativ 


re Example 




1 


5 


6 


4 


5 


Twist angle (°) 


90 


50 


110 


30 


120 


Transmittance (%) at V mBX * 


70 


41 


50 ** 


35 


35 " 



• Relative value wHh a transmittance in parallel Nicols being 100% 

"A contrast inversion phenomenon occurs when a voltage exceedmg a value at wh.ch 

a transmittance becomes maximum is applied 



35 



40 



45 



50 



55 



■tis understood from the results sh»wn in Tab.e2th a t the twist angle under the applicaUon of the maximum drrving 

voltage is preferably in the range of 45° to 1 10°. 

Example 7 

Example 1 (see Figure 14). 
Example 8 

under the applicafcon of a vottage. In •^S^dSTavdevice 200 is different from the liquid crystal display 

to the liquid crystal layer 80 are omitted. The l,qu d crystal JJ * ° afe formed on the norrl eotro P ic 
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20 



. • ^ Th a ei«nfareaionfie a Dixel region) defined by the convex portions 66 was pre- 
were attached to each other to complete a liquid crystal cell. 

SamMM 

JSS esinin the mixture was cured. As a result, the axis-symmetrical alignment f ix.ng layer 90a wav formed so 
£ ?S5 the ^homeSc alignment .ayer 68. The axis-symmetrica. a.ignment .ayer 90b (see Rgure 17) was also 
formed on the counter substrate. 

F FF F 

CH 2 = CHC00(CH2)80-^H^-0(CH2)800CCH = CH 2 CI) 



2S Theaxis-symmetricala.^^ 

rr«tal molecules even when a voltage applied to the liquid crystal layer became less than 1/2 V lh . It is considered mat 
SXSirS" SJ^etrical alignment was kept by the axis-symmetrical alignment fixing layers 90a and 90b 
the axis-symmetrica. alignment fixing layers 90a and ^^^^^SSSi 
rpntrkl axes are present in each pixel region did not occur even when a voltage of 1/2 V, h or more was appl ed after 

30 r.^^^SSS35to the liquid 9 crystal layer, and the homeotropic alignment state (black state I and the axis- 
svrmeWcaTalignment state (white state) was able to be electrically controlled in a reversible manner. The liqind crystal 
SuteHonS in the Itauid crystal layer of the liquid crystal display device in Example 8 were provided w th a 
pTeEng^ 

STtamm c alignment was small, so that a black level when no voltage is being applied was «*^r£«J» 
35 Zt of* "quid crystal display device in Example 1 . The eleclro-optic charactenst.cs and viewng angle ^aractenstKs 
Lere the same as Thown in Figures 13 and 14. Although a photocurable resin was used ,n the present example, a ther- 

""^^J^^ »— 3 "^ee-type" refractive oval body in thesame way as in Example 

7 wWe viewing angle characteristics can be obtained as shown in Figure 16. The phase difference plate Part.cu 
<o im^es me v?ewing angle characteristics in a direction a. an ang.e of 45- from polarization axes of polanzing plates. 

Examples 9 and 10 and Comparative Examples 6 and 7 

Liquid crystal display devices in Examples 9 and 10 and Comparative Examples 6 and 7 were produced in the 
« sameTaJ aTfn Example 8. by.injecting the mixtures with varying content of the above-mentioned compound A. As is 
apparem from theTesults of Coniaratfve Examp.e 6. when the content of the photocurable resin was less than about 
oTw^ the^ds symmetrical aNgnment was not be able to be fixed effectively. When the content was more than about 
6 w^the nomSto alignmem of the liquid crystal molecu.es was disturbed, and light leakage became 'a;ge when 
nonage iVoS applied Thus, it is understood that the content of the photocurable resm ,s preferably in the range 
so of about 0.1 wt% to about 6 wt%. 



Table 3 





Example 


Comparath 


re Example 




8 


9 


10 


6 


7 


Content of Compound A (wt%) 


0.3 


0.1 - 


2 


0.05 


6 
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Table 3 (continued) 



Transmittance when no voltage is being applied (%) 



Fixing of axis-symmetrical alignment 



0.06 



Good 



0.04 



10 
01 



Comparative Example 



6 
O03 
Poor 



3.2 
Good 
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Example 11 

F i gU re 7 isacross-se C t^ 
strate 120. a plasma substrate 110 and a "^IKJ ^SSSe 111. a dielectric sheet 116 opposing the 
is sealed with a sealant 106. The j^J^^X JS" wa " S 112 

substrate 1 11 . and a plurality of plasma climbers 11 3 0ef,n^oyparim 1 ^ ^ ^ dje|ectrjc (ayef 

111 and the dielectric sheet 116. ^T^^^lJi^XSSMd by applying a voltage acrossan anode 
1 1 6 disposed therebetween. Gas sealed m each plasma " *^?^ y eh^M1Sslde. whtrebyplasnia 
114 and a cathode 1l5tormed on the surface o, the sub^^^^ 

discharge occurs. A plurality of chambers > r '* e ^ JJJ^ 1(J5 formed on fte surfaC e of the counter 

^ex^S^^^ 
*Me so as to correspond loft. ™nw« ^ 

;rorrrror.xr^™ 

h™hlol.I*»*200,.m.«o l o m ,.d^9assw^ 

. «„ Mm glass UbM. 1 « «* ■ •""J",* "J X^SiS" 3. the MM »M ol th. IMn *n «M. 

alignment layer 134a. whereby the plasma substrate 110 ^obtein« L desC ribed. The convex 

Referring to F.gures 1 9A and 1 9B, a method orprcxiuc ^^^^^at^ on regions other 
portions 1 32 with a height Of about 2.7 urn were jormed w* '^^SiStJSL of TO (thickness: about 150 
than the pixel regions on a glass substra e 1 01 '^S^SSSSSSm * 1 00 prn. Furthermore, spacers 
nm) in the shape of stripes. The s.ze a ^^^SS!!^^ The resultant substrate was spin-coated 
1 35 with a height of about 6 nm were t ^^J^Tl^Sm*» homeotropic alignment layer 1 34b. whereby 

r^suS^ 

SiaSSlSU alfcned region ^^^S^^^^ Xefry a liquid crystal display d*,ice 
Polarizing p.ates were disposed in ^-"J**™ ^^el the nquTd crystal display device thus obtained 
was produced. The cross-sectional structure of S^SiS in F.gures 4A and 4B. except that the 

was substantially the same as that of the ,qu,d c '^^^^^ ar * s ^„ in Figure 19A (polarizing 

liquid crystal layer in the pixel region is _ negative ^ under tne application of a voltage of 1/2 V th 

The axis-symmetrical alignment of the «» "Eamptoll was^aWe ^unflen app ^ ^ ^ a 

or more, and was disturbed when the voltage was *£"^ te aK^J£ a rSuralHy of central axes was obtained. 
55 voltagewasappliedtothecel.aga.n.an^ 

' Thereafter, an axis-symmetrical alignment state '"^'^"^^^^ 20 times. After forming the axis-sym- 



30 



35 



40 



45 
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„ moral in which the axis-symmetrical alignment was stable, 
.ro-optic characteristics in a voltage range (1* V h or more) »v w 13 ^..^ efystal 

Figure 1 3 shows the electro-optic ^^^^^^Sr ^300:1 . 5 volts) with a low transmitters 
display^ of the present Z'T^Z^l^^S^ high contrast ratio was obtained in a wide 
when no voltage is being applied. The threshold azimlrth angle (i.e.. intra-display surface angle). 

region with a contrast of 10:1 or more. 
Comparative Example 8 

• ,• D „» lowpr 1 34b was directly formed on the transparent electrode 

in Comparative Example 8. the *™™^*^£Z£f£t S the spacers 135 were formed using 
105 formed on the surface of the substrate 101 *a«n n Fgure^S J. Ther ^ 
photosensitive polyimide in the same way as .m ^Example 11 ^JJ^,,,, M l ched t0 the p,asma substrate 110 

pixel regions in the cell was conetant ^ jrt , he celli ^ | iqui d crystal molecules were ran- 

dcnTaC^ 

a vottage showing that a display was rough in gray scales. 



so 



Example 12 



view of a liquid crystal display device ^ Example 12. containing an n-type liquid crystal material 

The liquid crystal display device 500 .ncludesa l.qu.d "J*""*^^^ " -.r of substrates 82 and 84. A 
{liqu id crystal molecules) 92 having a J^£S^J^«^»^»"^ idon 
plasma substrate is used as either ^^^^^^^l^Con^ portions 86 are formed on the eur- 

defined by the convex portions 86. In Figure .20. electrodes P 1 ™ 0 " te , di lay device 50 0 has the same 

to the liquid crystal layer 80 and plasma chambers a re or^Th ^^f hattneax ^ y( ^ etricalalignr „ent fixing 
structure as that of the liquid c^ 

layers 90a and 90b are prov.ded on ^^^^^^ regions to keep axis-symmetrical alignment even 
f ixing layers 90a and 90b allow the liquid crystal molecules ™ P'* e " T °*< v fe (or a voltage is not 

when no voltage is b«ng applied. Thereto re eve in „ *own in Figure 2 can be 

Ohka-sha) on regions other than pixel ^\ 0 ^^^ J^Z 6 urn were formed on the convex portions 132 
ness: 150 nm) on its surface. Then, spacers 135 with a hei j* o» about » ^onsM was pre- 

with photosensitive polyimide. ^Japan Synthetic Rubber Co.. Ltd.) was spin-coated 

was substantially the same as that in Example 11. . materia | (A£ = .4.0; An = 0.077; a chiral angle 

, m the present example, a mixture ^min.ng ar ^^^JjX S Tep^ented by the following Formula I. 
= 90- in a cel. gap of 6 ^m) and 0.4 w^o a co^o^ 
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,v™™ oortions 132 and a central axis was formed at a central portion of each pixel region. Then, the cell was irradi- 
w^ .Srays (fntentity at S nm: 6 mW/cm*) for 10 minutes at room temperature (25-C) under the application of 
TSSi ^SSSSSSL a threshold voltage of about 2.0 volts, whereby the ****** 
fure mm cured As a result an axis-symmetrical alignment fixing layer 1 42a was formed so as to cover the rnmetfropic 
a Cn? e * laver 134b The a* symmetrical alignment layer corresponding to the axis-symmetr.cal alignment layer 90b 
fi?£!X^R™**^ on the plasma substrate. In the present example, although a photocurable 
resin was used, a thermosetting resin can also be used. 

CH 2 = CHC00(CH 2 )80^y-0(CH 2 )e00CCH = CH 2 CI) 

that the pretiK state in axis-symmetrica. alignment was kept by the axis-symmetrical alignment f,*,ng layer I^Ttu* 
after the formation of the axis-symmetrical alignment fixing layer 142a. a phenomenon that a plurality of cen ral axes 
a^e p Sen tTthe pL regions did not occur even when a voltage of 1/2 V th or more was applied after the applied vol - 
age wat removed from ft! liquid crystal layer, and the homeotropic alignment state (b.ack state) and the 
rical alionment state (white state) were able to be electrically controlled in a reversible manner. The liquid crystal 
SecTs contained in the liquid aystal layer of the liquid crystal disp.ay device in Example 12 were ^rovid* J 
oretilt angle by the asymmetrical alignment fixing layer 142a when no voltage is being applied^ Howeve^ the shrft 
C the homeotropic alignment was small, so that a b.ack l*/e. when no voltage is being applied was substantial ly 
Zalto that of the liquid crystal display device in Sample ^. The electric charactenst.csan^ 
acteristics were the same as shown in Figures 1 3 and 9. Although a photocurable resm was used .n the present exam- 
Die a thermosetting resin can also be used. 

fn me liquid crystal display device of the present invention, two polarizing plates were attached ,n such a manner 
that po ahzation axes were placed in a crosswise direction on the display surface. As shown ,n Figure 9, ^^ymmet- 
rS^de viewing angle characteristics were obtained. Since the direction of the plasma chambers is identical with that 
of the polarization axes of the polarizing plates, less light leaked. 

By providing a phase difference plate (An-d = 300 nm) having a negative "Frisbee-*pe re tractive ^oval body 
between the cell and the polarizing plate, the viewing angle characteristics in a direction at an angle of 45 from the 
polarization axes of the polarizing plates can be further improved. Table 4 shows the results. 



Table 4 





Phase difference plate is 
provided 


Phase difference plate is 
not provided 


Transmittance at a viewing angle of 60° in a direction at an 
angle of 45° from a polarization axis 


7% 


55% 



Comparative Example 9 

A liquid crystal cell was produced in the same way as in Example 1 1 . except that the convex portions in the shape 
of a lattice were not formed on the counter substrate. Horizontal alignment films were formed | on i the surfaces ^esub- 
strates on the liquid crystal layer side, and the horizontal alignment films were subjected to ar "bbing ^eatrn en t 
whereby a liquid crystal cell in a TN mode was produced. A liquid crystal matenal was injected .nto the cell, and the eel 
was heated and gradually cooled to produce TN-PAUC. Polarizing plates were attached to the cell ,n such a manner that 
polarization axes were shifted by 45- from a crosswise direction on the display surface. The viewmg angle charactens- 
tics of the liquid crystal display device thus obtained were as shown in Figure 8A. As is understood from th.s f .gure. he 
viewing angle was much narrower, compared with those in Examples 1 1 and 12. Furthermore. Hght leakage from the 
attachment surface was observed in the shape of lines. Thus, a contrast was decreased. 
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Example 13 



Fioure 22A is a schematic cross-sectional view of one pixel of a liquid crystal display device in Example 13. Figure 
22sTa^^ 22A is a cross-sectional view taken along the A-A line in Figure 22B. The structure 

of the liquid crystal display device will be described together with the production process. 

Transparent electrodes 61 (thickness: about 100 nm) made of .TO were formed on a 0>«»f !°- ^Sfa 
204 (produced by Japan Synthetic Rubber Co., Ltd.) was spin-coated onto the transparent electrodes 61 , whereby a 
homeotropic alignment layer 67 was formed. „ Ar »4 ra i 

Transparenielectrodes 63 (thickness: about 100 nm) made of !TO were formed on a glass sub^rate62. The central 
portion of each pixel region in the transparent electrodes 63 was removed by photolithography and etching to form an 
axis-symmetrical alignment central axis forming portion 64. Furthermore, convex portions 66 w,th ^grt about 3 
nm were formed with an acrylic negative resist on regions other than the pixel reg.ons on the transparent elected . 63 
Thereafter, spacers 65 with a height of about 2 nm were formed using photosensrtrve poly.rn.de The sue - o ! each pixel 
rejon defineSby the spacers 65 and the convex portions 66 was prescribed to be 190 *m x 325 jurr JAS-204, (pro- 
duced by Japan Synthetic Rubber Co.. Ltd.) was spin-coated onto the resultant substrate to form a homeotrop.c al.gn- 

men Bo^h 6 e 8 substrates 60 and 62 were attached to each other, and an n-type liquid crystal material (Ae = - 4.0. An = 
0.08. a twist angle peculiar to the liquid crystal material = 90' in a cell gap of 5 jim) to form a liquid crystal layer 70. 
whereby a liquid crystal cell was completed. . 

As the convex portions 66 and the spacers 65. photosensitive acrylate type, methacrylate type, polymn.de > type, and 
rubber type materials may be used. As long as the convex portions 66 and the spacers 65 are provided w.th strength 
against the pressure of about 400 g/4>, any photosensitive material may be used. 

In order to perform an axis-symmetrical alignment central axis forming process, the cell thus produced was sup- 
plied with an axis-symmetrical alignment central axis forming voltage of about 7 volts. After the application of a voltage, 
a plurality of central axes were formed in an initial state. When an axis-symmetrical alignment central axis forming volt- 
age was continued to be applied, one central axis was formed in each pixel region, whereby one axis-symmetrical 
region (monodomain) was formed. 

Each pixel was observed in a transmission mode using a polarizing microscope in crossed Nicols under the apph- 
cation of a driving voltage to the cell. Some time after the commencement of application of the voltage, tt was observed 
that a plurality of central axes formed in an initial state immediately after the application of a voltage became one A 
this time in about 1 0% of the pixel regions of the liquid crystal cell, the central axes were formed shifted from the cen ral 
portions of the pixel regions. By continuing to apply an axis-symmetrical alignment central axis forming voltage, the liq- 
uid crystal molecules were axis-symmetrically aligned around the central axis in each pixel region during a white display 
as shown in Figure 23. and the central axes were observed to be formed at positions corresponding to the axis-sym- 
metricat alignment central axis forming portions 64 in substantially central portions of the pixel regions. 

Polarizing plates were disposed in crossed Nicols on both sides of the cell, whereby a liquid crystal display dev IC e 

WaS RG^re°i3 shows electro-optic characteristics of the liquid crystal display device in Example 13. Figure 24 shows 
viewing angle characteristics of a contrast. Figure 13 corresponds to Figure 2. In Figure 24, y represents an azimuth 
angle (i.e.. intra-display surface angle). 6 represents a viewing angle (i.e.. a tilt angle from a normal to the display sur- 
face), and the hatched portion represents a region with a contrast of 10:1 or more. 

Example 14 

Figure 25A is a schematic cross-sectional view of a liquid crystal display device in Example 1 4. Figure 25B is a plan 
view thereof Figure 25A is a cross-sectional view taken along the A-A line in Figure 25B. 

In Example 14. a homeotropic alignment layer 68 provided above a substrate 62 was formed so as to have a cross- 
section in a pixel region satisfying the relationship as shown in Figures 4A and 4B. That is. the homeotrop IC alignmen 
layer 68 was formed in such a manner that a differentia! coefficient of a curve representing the changes in thickness of 
the homeotropic alignment layer 68 with respect to the position (from a central portion of a pixel to a peripheral portion 
thereof) became positive, and a differential coefficient of a curve representing the changes in thickness of a liquid crys- 
tal layer in the pixel region became negative. More specifically, the cross-section of the homeotropic alignment layer 68 
in the pixel region had the shape of a mortar, and an axis-symmetrical alignment central axis forming portion 64 was 
provided in a pixel electrode 63 at the deepest position of the cross-section of the homeotropic alignment layer 68. A 
liquid crystal cell was produced in the same way as in Example 13. . 

In order to perform an axis-symmetrical alignment central axis forming process, the cell thus produced was sup- 
plied with an axis-symmetrical alignment central axis forming voltage of about 7 volts. After the application of a voltage, 
a plurality of central axes were formed in an initial state. When an axis-symmetrical alignment central axis forming volt- 
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age was continued to be applied, one centra, axis was formed in each pixel region, whereby one axis-symmetrical 

region (monodomain) was formed. ^»r^ ( ,„j„»„, a „ n ii 
Each pixel was observed in a transmission mode using a polarizing microscope m crossed Nicols under the appl^ 
catio^ of a^Sing voVage to the cel.. Some time after the commencement of application of the voltage, rt was observed 
SuZCklf^ formed in an initial state immediate* after the app.ication of a voltage became one^ Each 
cen^fax^s hJs Termed was provided in a substantially central portion of the pixel region correspond,^ to the deepest 
oorS oHhe mortaT-shaped cross-section. By continuing to apply an axis-symmetrical alignment central ax>s forming 
vSe ttietouW Tcrystatmolecules were axis-symmetrical.y aligned around the central axis in each p.xel region dunng 
Se SS ** shown in Figure 23. and the centra, axes were observed to be formed at positions corresponding to 
fhe axfs svnUetrical alignment central axis forming portions 64 in substantially central portions of the p,xel reg'ons 
^otenz^plates were disposed in crossed Nicols on both sides of the cell, whereby a Hquid crystal d.s P lay dev.ee 

W3S tSSm crystal display device in Example 14 had almost the same electro-optic characteristics and viewing angle 
characteristics of a contrast as those in Example 13. 

Example 15 

Liquid crystal cells were produced in the same way as in Example 13, except that the size of each pixel was pre- 
scribed to be 1 00 urn x 1 00 urn. and the area of the axis-symmetrical alignment central axis forming portoon 64 at a cen- 
ua pSon of the pixel regkln was prescribed to be 0 nm* 25 M m« 100 rf. 400 .m*. and 900 nn£ Wanang plates 
wenTplaced in crossed-Nicols on both sides of each cell, whereby liquid crystal display devices were completed. 

In the present example, each pixel was observed in a transmission mode with a polarizing microscope .in crossed- 
Nico Is under the application of a driving voltage to the ceHs. The following Table 5 shows the results obtained I by evalu- 
a ti™ roughness of a display with each cell tilted under the application of a voltage which provdes gray scales In Table 
5 O rXsente a display of good quality having almost no roughness: a represents a display w>th neghgible rough- 
nes? ££^*2&V --th roughness; Sb represents an area of an axis-symmetrical alignment centra, axis form- 
ing portion; and A represents an area of a pixel region. 

Table 5 



Sb (fim*) 


A (nrrO 


Sb/A (%) 


Evaluation 


0 


10000 


0 


X 


25 


10000 


0.25 


O 


100 


10000 


1.0 


O 


400 


10000 


4.0 


A 


900 


10000 


9.0 


X 



As is understood from Table 5. it is preferable that the axis-symmetrical alignment central axis forming portion is 
provided so that Sb satisfies 0 < Sb/A < 4% . 



Example 16 

A method for stabilizing the axis-symmetrical alignment state of liquid crystal molecules by forming an axis-sym- 
metrical alignment fixing layer on a surface of either one of substrates on a liquid ^^^ n J^*^l 
the method including an axis-symmetrical alignment central axis forming process in the course of the production of a 

,iqU RgS^ 

play device in Example 1 6 has the same structure as that in Example 13. except that axis-symmetneal alignment f ung 
lavers 90a and 90b are provided on homeotropic alignment layers 68 and 67, respectively. 

Substrates having cross-sectional structures shown in Rgure 26 were produced in the same way as in Example ,13. 
Transparent electrodes 61 (thickness: about 100 nm) made of ITO were formed on a glass substrate 60. JALS-204 (pro- 
duced by Japan Synthetic Rubber Co., Ltd.) was spin-coated to form a homeotropic alignment layer 67. 

Transparent electrodes 63 (thickness: about 1 00 nm) made of ITO were formed on a glass substrate 62. and a cen- 
tral portion of a pixel region was removed by photolithography and etching, whereby an axis-symmetrical alignment 
central axis forming portion 64 was formed. Furthermore, convex portions 66 with a height of about 3 |im were formed 
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with an acrylic negative resist outside of the pixel region on the transparent electrode 63. Thereafter, spacers 65 with a 
height of about 2 \im were formed with photosensitive polyimide. The size of the pixel region defined by the spacers 65 
and the convex portions 66 was prescribed to be 100 nm x 100 ^m. JALS-204 (produced by Japan Synthetic Rubber 
Co.. Ltd.) was spin-coated onto the resultant substrate, whereby a homeotropic alignment layer 68 was formed. 

5 The two substrates were attached to each other to complete a liquid crystal cell. The structure of the cell thus 

obtained was the same as that of the liquid crystal display device in Example 13. 

In the present example, the following precursor mixture was injected into the cell thus produced. The precursor mix- 
ture contains an n-type liquid crystal material (Ae = -4.0; An = 0.08; a chiral angle = 90° in a eel! gap of 5 urn), and 0.3 
wt% of compound A (photocurable resin) represented by the following Formula I. and 0.1 wt% of Irgacure 651 . After the 

w injection, an axis-symmetrical alignment central axis forming process was performed by applying an axis-symmetrical 
alignment central axis forming voltage of about 5 volts to the cell. Furthermore, the cell was irradiated with UV-rays 
(intensity at 365 nm: 6 mW/cm 2 ) at room temperature (25°C) for 10 minutes under the application of the axis-symmet- 
rical alignment central axis forming voltage, whereby the photocurable material in the precursor mixture was cured. As 
a result, the axis-symmetrical alignment fixing layers 90a and 90b were formed so as to cover the homeotropic align- 

is ment layers 68 and 67 on the substrates in the course of the axis-symmetrical alignment central axis forming process. 
The axis-symmetrical alignment fixing layers 90a and 90b contain a polymer of a cured photocurable or thermosetting 
material, such as an acrylate type material, a methacrylate type material, a styrene type material, and derivatives 
thereof, contained in the precursor mixture. 

F FF F 

GH2 = CHC00(CH2)80-^^-0(CH 2 )800CCH = CH2 CI) 

25 



Polarizing plates were attached to both sides of the cell to complete a liquid crystal display device. 

Each pixel was observed in a transmission mode with a polarizing microscope in crossed- Nicols under the applica- 

30 tion of a voltage to the cell in Example 16. Even immediately after the application of a voltage, a single central axis was 
formed in each pixel region without a plurality of central axes being formed. Thereafter, the voltage applied to the cell 
was once removed, and a voltage of 1/2 V th or more was applied to the cell again. However, a phenomenon that a plu- 
rality of central axes are present in each pixel region did not occur, and a single central axis was formed. The reason 
for this is considered to be as follows: even when a voltage applied to the liquid crystal layer decreased to less than 1/2 

35 V th , the liquid crystal molecules did not return to a homeotropic alignment state; a pretilt state in axis-symmetrical align- 
ment was kept by the axis-symmetrical alignment fixing layer 90a. Thus, in the present example, a black display is able 
to be performed when no voltage is being applied. Furthermore, it is not required to perform an axis-symmetrical align- 
ment central axis forming process before a display operation. Although the liquid crystal molecules were provided with 
a pretilt angle by the axis-symmetrical alignment fixing layer 90a. the shift from homeotropic alignment was small. A 

ao black level when no voltage is being applied was substantially the same as that of the liquid crystal display device in 
Example 13. The electro-optic characteristics and viewing angle characteristics were the same as those shown in Fig- 
ures 13 and 24. In the present example, although a photocurable resin was used, a thermosetting resin may be used. 

Example 17 
45 . . 

Liquid crystal display devices were produced in the same way as in Example 15 by injecting the precursor mixture 
with the varying content of the compound A into the cell in Example 16. 

The content of the compound A was varied from 0.05 wt% to 6 wt%. The light transmittance of the liquid crystal 
display devices when no voltage is being applied were measured, and the devices were observed to see if a stable axis- 
50 symmetrical alignment state was formed. 

As a result, when the content of the photocurable material was less than about 0.1 wt%, the axis-symmetrical align- 
ment fixing process was not able to be performed effectively. When the content of the photocurable material was more 
than about 6 wt%. the homeotropic alignment of the liquid crystal molecules was disturbed to increase light leakage 
when no voltage is being applied. Thus, the content of the photocurable material is preferably in the range of about 0.1 
55 wt%to6wt%. 
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Example 18 

In the present example, the following phase difference plates were placed between a pair of polarizing plates and 
a liquid crystal cell of the liquid crystal display device in Example 13 in such a manner that a delay axis of each phase 
5 difference plate was orthogonal to an absorption axis of each polarizing plate. 

The phase difference plate has optically negative birefringence, and satisfies n x « n y . n x > n z , rty > n 2 , where n x . 
n y are primary refractive indexes in an in-plane direction of a refractive oval body, and n z is a primary refractive index in 
a thickness direction thereof. 

Supposing that the thickness of the phase difference plate is d r , the retardation in the thickness direction was (n x - 

io n 2 )d ( =160 nm. 

Figure 27 shows the results obtained by measuring viewing angle characteristics of the liquid crystal display device 
in Example 18. In Figure 27, v represents an azimuth angle {i.e.. intra-display surface angle), 6 represents a viewing 
angle (i.e.. a tilt angle from a normal to the disptay surface), and the hatched portion represents a region with a contrast 
of 10:1 or more. 

is As is apparent from Figure 27, the viewing angle of the liquid crystal display device in the present example was 
larger than that of the liquid crystal display device in Example 13 shown in Figure 24, and the display quality was uni- 
form. 

Example 19 

20 

In the present example, the following phase difference films were placed between a pair of polarizing plates and a 
liquid crystal cell of the liquid crystal display device in Example 13 in such a manner that a delay axis of each phase 
difference film was orthogonal to an absorption axis of each polarizing plate. 

The phase difference film has optically negative birefringence, and satisfies n x >n y >n 2 . where n x , n y are pri- 
25 mary refractive indexes in an in-plane direction of a refractive oval body, and n z is a primary refractive index in a thick- 
ness direction thereof. 

Supposing that the thickness of the phase difference film is d,, the retardation in the thickness direction was (n z • 
n y )d f = 1 70 nm. The retardation in an inplane direction was (n x - n y )d, « 42 nm. 

Figure 28 shows the results obtained by measuring viewing angle characteristics of the liquid crystal display device 
30 in Example 19. In Figure 28. v represents an azimuth angle (i.e.. intra<lisplay surface angle), e represents a viewing 
angle (i.e., a tilt angle from a normal to the display surface), and the hatched portion represents a region with a contrast 
of 10:1 or more. 

As is apparent from Figure 28. the viewing angle of the liquid crystal display device in the present example was 
larger than that of the liquid crystal display device in Example 13 shown in Figure 24, and display quality was uniform. 

35 

Comparative Example 10 

In Comparative Example 1 0, as shown in Figure 29. the homeotropic alignment layer 68 was directly formed on the 

transparent electrode 63 provided on the surface of the substrate 62. and the spacers 65 were formed with photosen- 
40 sitive polyimide in the same way as in Example 13. More specif icalty, in Comparative Example 10. the convex portions 

66 were not formed. The axis-symmetrical alignment central axis forming portion 64 was not formed, either. 

The substrate on a lower side thus obtained was attached to a counter substrate on an upper side formed in the 

same way as in Example 13 to produce a liquid crystal cell. The same material as that in Example 13 was injected into 

the cell, and polarizing plates were placed in crossed-Nicols on both sides of the cell. 
45 In the liquid crystal display device in Comparative Example 1 0. the liquid crystal molecules were randomly aligned, 

and disclination lines were randomly formed. The liquid crystal display device was observed under the application of a 

voltage, a display with roughness was observed in gray scales. 

Comparative Example 11 

50 

In Comparative Example 1 1 , the homeotropic alignment layer 68 was directly formed on the transparent electrode 
63 provided on the surface of the substrate 62 shown in Figure 22A. Thereafter, the spacers 65 were formed with pho- 
tosensitive polyimide in the same way as in Example 13. More specifically, in Comparative Example 1 1 , the convex por- 
tions 66 as shown in Figure 22A were not formed, and the axis-symmetrical alignment central axis forming portion 64 
55 was formed on the pixel electrode 63. 

The substrate on a lower side thus obtained was attached to a counter substrate on an upper side formed in the 
same way as in Example 13 to produce a liquid crystal cell. The same material as that in Example 13 was injected into 
the cell, and polarizing plates were placed in crossed-Nicols on both sides of the cell. 
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In the liquid crystal display device in Comparative Example 1 1 the Rqufc I crystal molecule ■ cS^s 
and disclination lines were randomly formed in the same way as .n Comparative Example 10. The liquid crystal cell was 
obserS urS the aScation of an axis-symmetrical aHgnment centra, axis forming voltage, a d,sp.ay wrth roughness 
was observed in gray scales. 

As described above according to the present invention, a liquid crystal display device (including a plasma address 
LCD^rouSd^vi'S angle characteristics and a high contrast, and a method for producingthe same are prc- 
vSS Z devteeSeTa nquld crystal region where liquid crystal molecules are vertically ahgned when no voltage 
is being applied and are axis-symmetrically aligned under the application of a voltage. 

T^ieSd crystal display device of the present invention has outstanding viewing angle ^^"^f^^ 
a liquid crystal region wh£h is switched between homeotropic alignment and axis-symmetrical 

the device uses a liquid crystal material wrth a negative dielectric anisotropy. performmg a djsplay ,n a normally Hack 
rn^eTn which a homeotropic alignment state is obtained when no voltage is being applied .^re ore^ a ^yv«* a 
hiah contrast can be provided. In particular, by controlling the positions of the ax.s-symmetncal alignmerrt central axes 
oHheTquW costal molecules under the app.ication of a voltage, roughness of a display in gray scales .s el.mmated. 
whereby display quality can be remarkably improved. 

More specLally.^nce the convex portions defining the pixel regions are formed on the surface of at Hteast one of 
the substrates on the liquid crystal layer side, each pixel region exhibiting axis-symmetrical alignment is defined by the 
conv^S ^rXS^ ■ tJLnt for controlling the positions of the axis-symmetrical aligner* central axes 
"performed, so that the position of the axis-symmetrical alignment central axis in each pixel region exhibrtmg ax,s-sym- 

"^Sm'pCoMhe Sment for controlling the positions of the axis-symmetrical alignment centra, axes indude: (0 
performing an axis-symmetrical alignment central axis forming process in which a desired voltage .s applied for a 
desinXeriod of time or longer; (ii) prescribing Sa so as to satisfy 0 < Sa/A < 4% . where Sa represents an area of a 
Z £ the ..quid crystal mofecu.es keep a homeotropic alignment state under the app.ication HDf arv axK-sym- 
meVica. alignment central axis forming voltage and A represents an area °' a P^ el ,or ^ n ^.^;^ e *; 
rical alignment central axis forming portion at a substantially central posrtion or at a predetermined posrtion ^ in each of 
a plurality of pixel regions: (iv) prescribing the thickness of the liquid crystal layer .n the pixel reg.on so as to become 
fargeJaU Centra, portion of thepixe. region and continuous decrease from the certtra.portion to , • we^J 
of the pixel region; and (v) forming an axis-symmetrical alignment fixing layer on the surface of at least one of the sub- 

Strat rne° "quid 3£^«£*of the present invention is preferably used, for examp.e. for a portable information 
terminal used by a number of people, a personal computer, a word processor, amusement equipment, education equip- 
meTa flat display used in a TV apparatus, and a display plate, window, door and wall utilizing a shutter effect. The 
liquid crystal display device of the present invention is also preferably used as a large display apparatus such as a high 
definition TV (HDTV) and a display for a CAD. 

^ rious other modifications win be apparent to and can be readily made by those skilled in the art without departing 
from the scope and spirit of this invention. Accordingly, it is not intended that the scope of thecla.ms appended hereto 
be limited to the description as set forth herein, but rather that the claims be broadly construed. 



Claims 



4. 



A liquid crystal display device comprising a pair of substrates and a liquid crystal layer provided between the sub- 
strates wherein liquid crystal molecules in the liquid crystal layer have a negative dielectric anisotropy. and the hq- 
uid crystal molecules are aligned in a direction substantially vertical to the substrates when no voltage is being 
applied and axis-symmetrically aligned in each of a plurality of pixel regions under application of a voltage. 

A liquid crystal display device according to claim 1 , wherein a thickness (d in ) of the liquid crystal layer in the pixel 
region is larger than a thickness (d^,) of the ..quid crystal layer outside of the pixel region, and the device .ndudes 
a^omeotropic alignment layer in a region corresponding to the pixel region on a surface of at least one of the sub- 
strates on the liquid crystal layer side. 

A liquid crystal display device according to daim 2. wherein at least one of the substrates has convex portions 
defining the pixel region on a surface on the liquid crystal layer side. 

A liquid crystal display device according to claim 1. wherein the thickness of the liquid crystal layer in the pixel 
region is largest at a central portion of the pixel region and continuously decreases toward a peripheral portion of 
the pixel region. 
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5. A liquid crystal display device according to claim 4, wherein the thickness of the liquid crystal layer in the pixel 
region is axis-symmetrically changed around the central portion of the pixel region. 

6. A liquid crystal display device according to claim 1 , further comprising a projection at the central portion of the pixel 
region, wherein the liquid crystal molecules are axis-symmetrically aligned around the projection under the appli- 
cation of a voltage. 

7. A liquid crystal display device according to claim 1 . wherein a retardation d • An of the liquid crystal layer is in a 
range of about 300 nm to about 500 nm. 

8. A liquid crystal display device according to claim 1 . wherein a twist angle of the liquid crystal layer is in a range of 
. about 45° to about 110°. 

9. A liquid crystal display device according to claim 1 . comprising a pair of polarizing plates disposed in crossed Nicots 
on both sides of the liquid crystal layer, a phase difference plate having a relationship, in which a refractive index 
n x y in an in-plane direction is greater than a refractive index n z in a direction vertical to a plane, being provided on 
at least one of the polarizing plates. 

10. A liquid crystal display device according to claim 1 . wherein an axis-symmetrical alignment fixing layer which pro- 
vides the liquid crystal molecules with an axis-symmetrical pretilt angle is further formed on a surface of at least 
one of the substrates on the liquid crystal layer side. 

11. A liquid crystal display device according to claim 10. wherein the axis-symmetrical alignment fixing layer contains 
a photocurable resin. 

1 2. A method for producing a liquid crystal display device, comprising the steps of: 

forming a homeotropic alignment layer on a pair of substrates, respectively; 

disposing a mixture containing a liquid crystal material having a negative dielectric anisotropy and a photocur- 
able resin between the homeotropic alignment layers on the substrates; and 

curing the photocurable resin while applying a voltage higher than a threshold voltage of the liquid crystal 
material to the mixture, so as to form an axis-symmetrical alignment fixing layer providing the liquid crystal mol- 
ecules with an axis-symmetrical pretilt angle. 

1 3. A method for producing a liquid crystal display device according to claim 12. further comprising the step of forming 
convex portions defining pixel regions on a surface of at least one of the substrates before the step of forming the 
homeotropic alignment layers on the substrates. 

14. A liquid crystal display device, comprising: a plasma substrate having plasma chambers for performing plasma dis- 
charge; a counter substrate having signal electrodes; and a liquid crystal layer provided between the plasma sub- 
strate and the counter substrate, the device being driven by the signal electrodes and the plasma chambers, 

wherein liquid crystal molecules in the liquid crystal layer have a negative dielectric anisotropy, and the liquid 
crystal molecules are aligned in a direction substantially vertical to the substrates when no voltage is being applied 
and axis-symmetrically aligned in each of a plurality of pixel regions under application of a voltage. 

1 5. A liquid crystal display device according to claim 1 4, wherein a thickness (d in ) of the liquid crystal layer in the pixel 
region is larger than a thickness (d out ) of the liquid crystal layer outside of the pixel region, and the device includes 
a homeotropic alignment layer in a region corresponding to the pixel region on a surface of at least one of the sub- 
strates on the liquid crystal layer side. 

16. A liquid crystal display device according to claim 15. wherein at least one of the counter substrate and the plasma 
substrate has convex portions defining the pixel region on a surface on the liquid crystal layer side. 

17. A liquid crystal display device according to daim 14. wherein the thickness of the liquid crystal layer in the pixel 
region is largest at a central portion of the pixel region and continuously decreases toward a peripheral portion of 
the pixel region. 

18. A liquid crystal display device according to claim 17, wherein the thickness of the liquid crystal layer in the pixel 
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region is axis-symmetrically changed around the central portion of the pixel region. 

19 A liquid crystal display device according to claim 14. comprising a pair of polarizing plates disposed in crossed- 
Nicols on both sides of the liquid crystal layer, a polarization axis of one of the polarizing plates being parallel to an 
extending direction of the signal electrodes or the plasma chambers. 

20 A liquid crystal display device according to claim 1 4. wherein an axis-symmetrical alignment fixing layer which pro- 
' vides the liquid crystal molecules with an axis-symmetrical pretilt angle is further formed on a surface of at least 

one of the plasma substrate and the counter substrate on the liquid crystal layer side. 

21 . A liquid crystal display device according to claim 20. wherein the axis-symmetrical alignment fixing layer contains 
a photocurabte resin. 

22. A liquid crystal display device, comprising: a pair of substrates and a liquid crystal layer provided between the sub- 

StrateS w herein liquid crystal molecules in the liquid crystal layer have a negative dielectric anisotropy. and the liquid 
crystal molecules are aligned in a direction substantially vertical to the substrates when no driving voltage is being 
applied and axis-symmetrically aligned around an axis-symmetrical alignment central axis in each of a plurality of 
pixel regions under application of a driving voltage, and 

convex portions defining the pixel region are provided on a surface of at least one of the substrates on the 
liquid crystal layer side, and a treatment for controlling a position of the axis-symmetrical alignment central axis is 
conducted. 

23 A liquid crystal display device according to claim 22. comprising a region in which the liquid crystal molecules keep 
* a homeotropic alignment state under application of an axis-symmetrical alignment central axis forming voltage at 

each predetermined position in the plurality of pixel regions. 

24 A liquid crystal display device according to claim 23. wherein Sa is an area of the region in which the liquid crystal 
molecules keep a homeotropic alignment state under the application of the axis-symmetrical alignment central axis 
forming voltage, A is an area of the pixel region, and Sa/A satisfies the relationship 0 < Sa/A < 4% . 

25. A liquid crystal display device according to claim 22, comprising an axis-symmetrical alignment central axis forming 
' portion at a predetermined position in each of the plurality of pixel regions, and the axis-symmetrical alignment cen- 
tral axis of the liquid crystal molecules is formed corresponding to the axis-symmetrical alignment central axis form- 
ing portion. 

26. A liquid crystal display device according to claim 25, wherein Sb is an area of the axis-symmetrical alignment cen- 
tral axis forming portion, A is an area of the pixel region, and Sb/A satisfies the relationship 0 < Sb/A < 4% . 

27. A liquid crystal display device according to claim 22, wherein a thickness of the liquid crystal layer in the pixel region 
is larger than a thickness of the liquid crystal layer outside of the pixel region. 

28. A liquid crystal display device according to claim 27, wherein the thickness of the liquid crystal layer in the pixel 
region is largest at a central portion of the pixel region and continuously decreases from the central portion to a 
peripheral portion of the pixel region. 

29. A liquid crystal display device according to claim 28. wherein the thickness of the liquid crystal layer in the pixel 
region is axis-symmetrically changed around the central portion of the pixel region. 

30. A liquid crystal display device according to claim 22. wherein an axis-symmetrical alignment fixing layer is provided 
on a surface of at least one of the substrates on the liquid crystal layer side. 

31. A liquid crystal display device according to claim 30, wherein the axis-symmetrical alignment fixing layer contains 
a photocuraWe resin. 

32. A method for producing a liquid crystal display device including a pair of substrates and a liquid crystal layer pro- 
vided between the substrates, liquid crystal molecules in the liquid crystal layer having a negative dielectric anisot- 
ropy, the liquid crystal molecules being aligned in a direction substantially vertical to the substrates when no driving 
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voltage is being applied and being axis-symmetrically aligned around an axis-symmetrical alignment central axis in 
each of a plurality of pixel regions under application of a driving voltage. 

the method comprising the step of performing an axis- symmetrical alignment central axis forming process. 

33. A method for producing a liquid crystal display device according to claim 32, wherein the axis-symmetrical align- 
ment central axis forming process includes the steps of: 

disposing a precursor mixture containing a liquid crystal material and a photocurable material between the 

io substrates; and . ■ , ■« * 

curing the photocurable material while applying an axis-symmetrical alignment central axis forming voltage to 

. the precursor mixture. 

34 A method for producing a liquid crystal display device according to claim 33, wherein the axis-symmetrical align- 
is ' ment central axis forming voltage is 1/2 or more of a threshold voltage of the liquid crystal material. 

35. A method for producing a liquid crystal display device according to claim 33, wherein the axis-symmetrical align- 
ment central axis forming voltage is an AC voltage. 

20 36. A method for producing a liquid crystal display device according to claim 35. wherein a frequency of the AC voltage 
is 1 Hz or more. 
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FIG. 23 
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